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A method for manufacturing a diamand composite. 
FIELD OF INVENTION 

The inresent mvention relates to a method for manufiicturing a diamond 
5 composite. 

BACKGROUND OF THE INVHmON 

There is a general need for extremely hard materials in many fields of 
application. These q)plications may be as tools for cutting, turning, milling, 

10 drilling, sawing or grinding operations etc. In WO 99/12866 and WO 

00/18702 mediods using controlled graphitization of diamonds are known for 
manu&ctuiing diamond conq)ositB materials having excellent properties for 
such applications. There is also a need for a material with extreme thermal 
conductivity to improve resistance to thermal chock, wear resistance and also 

15 for cooling electronic components like microprocessors. 1^ WO 02/42240 the 
use of such method is known for manu&ctuiing a composite material having a 
high thermal conductivity. 

The object of the present invention is to improve such a method in such a way 
20 that the forming of the composite is fecilitated, thereby enabling bodies having 
complex and very precise fanns to be manu&ctured. The object of the 
invention is also a material produced by the melfaod with inqiroved 
performance. 

25 SUMMARY OF THE INVENTION 

The object of the invention is accomplished by a method for manufacturing a 
diamond composite, comprising the steps of; 
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a) inixing diamonds mth additives, tte mixture 

and less than 95 wt% of diamonds and more than 5 wf% additives, 

b) fonning a work piece £bomtbemixtiu:e using a pressure of at le^ 
MPa, 

c) heating &e formed work piece to at least 300**C for removing possible 
water and wholly or partially removing additives, 

d) heating the work piece and controlling the heating temperature and heating 
time so that a certain desired amoimt of graphite is created by 
graphitization of diamonds, wherein the amount of graphite created by 
graphitization is 3-50 wt% of the amount of diamond, 

e) mfiltrating silicon or silicon alloy into the work piece, the infiltration of 
silicon or silicon alloy being performed at a temperature below 1900^C and 
at apr^sure less than 50 bars, and 

f) beating the infiltrated work piece to form silicon carbide, or oflier carbides 
(and siliddes), thereby creating a final diamond composite. 

In a preferred embodiment the additives in the nuxture comprise bmders 
and/or dispersmg agents and/or low-fiiction agents. Ad^^tageously, the 
mixture is agglomerated in order to fecilitate forming of the work piece. The 
forming of the work piece is preferably made by mechanical pressing, 
injection moulding or roll compaction or other powder metallurgical forming 
processes. TiC, BC or SiC-powder can be included in the mixture. The 
forming of the work piece is made at apressure of at least 100 MPa, 
preferably 300-700 MPa, most preferably about 600MPa and the diamond 
content of the formed work piece is at least 40 vol%, preferably 70-80 vol%. 

The heating of the formed work piece for removing water and additives is 
preferably made at a mechanical pressure of at least 500 Pa, preferably at least 
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3000 Pa. This pressure can typically be ^lied in one direction with a flat 
weight 

More silicon or silicon alloy than the amount needed for fonning caibide fiom 
5 the created graphite and filling the pores of the formed caxbide steleton, can 
preferably be provided so that the suiplus of silicon or silicon alloy will form a 
surface coating on at least one sur&ce of the manu&ctured diamond 
composite. 

10 The present invention also relates to the use of the inventive method for 
f3nning a substrate for a diamond film and to a diamond composite 
manufactured by the inventive method, wherein at least one side of the 
composite is coated with a layer of aluminium nitride. 

15 DESCRIPTION OF EMBODIMENTS 

The method according to the present invention aims to improve the methods 
presented m W099/12866 and WOOO/18702. These methods include the 
following stq^s: 

1. Forming a worlc piece out of a mixture containing diamonds. 

2. Heat treating the work piece and controlling the heating t^perature 
and heating time so that a certain d^ired amount of graphite is created 
by graphitization of diamonds. 

3. Infiltrating melted silicon or alternatively a silicon aUoy into the heated 
work piece. 

4. Reacting of the molten silicon or silicon alloy and graphite to form SiC. 
When silicon alloy reacts with graphite also oflier carbides and possibly 
silicides may form. 



20 
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By the manii&ctuimg process described abovei, an article with a 
predetermined shape is formed. In the present invention, steps similar to the 
steps 1-4 aic used llie main dififaence fixmi the lawTO mefli^ 
conqwsition of starting materials and flie use of lugji pressure during die 



In a prefeired embodiment, the starting material is conqnised of diamonds and 
additives. The diamonds in the mixture preferably consist of at least two 
different factions with diffraent diamond particle sizes. To obtain high 
10 thermal conductivity at least 50 weight% of the diamond content in the work 
piece should preferably have a size of 80 jim or above. The use of at least two 
difioent fiactions of diamonds with dififeent particle sizes is advantageous in 
order to reach a packing degree in the work piece that in the produced 
diamond canq>ositB gives a high enougji diamond concentration (e.g. a short 
15 path for tbe phonons to travel between die diamonds) to reach high levels of 
diermal difiiisivitjr and thomal conductivity. High diamond contrait is 
normally also advantageous for wear resistance. Tbs content of diamond in the 
work piece is at least 50 wl%, ofh^ contents being additives. Jn order to 
faciUtate forming of the work piece and obtain improved meciianical 
20 properties in the final diamond composite in relation to a material 

manufectured in accordance with die known mediods referred to above, the 
content of additives in the starting material mixture according to the isesent 
invention is more than 5 wt%. The additives in the mixture can comprise one 
or moTB of binders, dispersing agents, and low-fiiction agents commonly used 
25 in powder metallurgy and also other additives, like TiC, for fecilitating the 

forming of the woric piece, fecilitating flie infiltration of silicon or siHcon alloy 
in the formed work piece and improving the properties of tiie final composite. 
The mixture can be made homogeneous in a liquid with the help of dispersing 
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agents* In order to fulher fadHtate for^ 

advantageously agglomerated in a liquid, like water or alcohol. 

Exanq>le of a suitable binder is polyethyleneglycol (PEG), Examples of 
5 suitable dispersing agents are ammonium salt of polycarboaqrlate and steric 
acid is a suitable low-fiiction agent Other known binders, dispersing agents 
and low-fiiction agents can also be used. 

Examples of furflier additives that can be used ate TiC, BC and SiC. 

10 

Forming of the woric piece is carried out by mechanical pressing, injection 
mouldmg, roll compaction or other known powder metallurgical forming 
methods. The forming should be performed at a formmg pressure of at least 
100 MPa. Advantageously a pressure of at least 300 MPa - 700 MPa is used. 
15 The amount of additives in the mixture should be more than 5wt%. One reason 
for this is to fecilitate the distribution of the agglomerated mixture and to 
obtam a homogenous body while using high formmg pressures. Especially 
low-fiiction agents help the redistribution of the conq>onents of the mixture 
under high pressure. Also the bmder component should be diosen to limit the 
10 internal fiiction during the redistribution. The function of the binder is 
otherwise to keep the accurate shape of the work piece during handlmg and 
first stages of heating. A work piece formed in such a way will have a very 
precise form. Furthermore, tiie high forming pressure increases the packing, 
degree of flie diamonds thereby increasmg the diamond content per volume 
t5 and thereby the thermal conductivity and hardness of the produced diamond 
composite. Aft<a- the forming step flie diamond content in the work piece is at 
least 40 vol%, preferably 70-80 vol%. At high pressures flie diamonds will be 
more and more oiished and pressures much higher than 700 MPa should 
normally not be used. The most preferred formmg pressure is 600 MPa. 
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Another advantage of using high fonning pressures is tiiat the defoimation of 
the produced diamond composite will be less than with the known methods 
referred to above, although the defomiation in diamond composites produced 
by tiiese method is low and can be tolerated if not conqwsite specimens witti a 
very precise fomi are required. It has been shown that the defomiations of a 
composite material specimens produced by the known methods referred to 
above are at least twice as high as the deformations of a composite material 
produced according to the present invention. Such defoimations include 
warpage, swelling and shrinking. 



After fonning the work piece, the work piece is slowly heated to at least 
300**C. Water and additives that are volatile or fonn gaseous compounds at the 
chosen temperature are thereby removed fiom the formed work piece. In order 
to minimize deformation of the work piece, a mechanical pressure of at least 
15 500 Pa. preferably at least 3000 Pa, is optionally ^lied to the woA piece 
during at least a part of this heating step. TypicaUy this force is appUed fiom 
one direction with a very flat weight to enhance the flatness of simple or 
complicated plates. 

20 Thereafter the work piece is heated at a tempemture between 1000-1900^C- 
The total duration of the heat treatment of the woric piece is as long as is 
needed for creating the desired degree of graphitization of the diamonds. The 
amount of graphite created by graphitization of diamonds should be 3-50 wt% 
of the amount of diamonds. The heat treatment is made in vacuum or an inert 

25 atmoqjhere and at an atmospheric pressure less than 50 bars. For the 
properties of the final material it is cradal to obtain graphite created by 
graphitization of diamonds. Some residual carbon Scorn incompletely removed 
additives may contribute as a carbon source. 
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The infiltration of molten Si or silicon alloy is earned out by such known 
methods as melting a solid piece on or near the suifece of the work piece, 
feeding alieadyr molten Si or silicon alloy on to the surfece of the work piece 
or by dipping the work piece into a melt of Si or silicon alloy. As the melt 
infiltrates the work piece it reacts with grq>hit6 and possibly residual caibon 
and forms SiC or a SiC phase includmg elements ftom the alloying elements. 
The fonned phase and a small amomit of un-reacted silicon or silicon alloy 
phase fill up the porous space of the work piece. When additives, such as TiC, 
BC or SiC, are included these can react with molten silicon or silicon alloy 
and form a phase or phases including at least one of the elements ftom the 
additives. Preferably, a surplus of silicon or silicon alloy is used so that at least 
one sur&ce of flie diamond composite produced is coated with a layer of 
silicon or silicon alloy. 

The heatmg and the infiltration steps can advantageously be carried out in the 
same furnace and it is possible to perforaai the heating steps in one heating 
cycle. It is of course also possible to perfimn the heating steps as separate 
heating operations, for example let the heated work piece cool before 
reheating the work piece together with silicon or silicon alloy. 

The infiltrating melt used can be a silicon alloy comprising at least one metal 
ftom the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, 
Co, Ni, Cu, Ag, Al, and the elements B or Ge. In this case small amounts of 
secondary phase compounds may form, such as metal silicides, metal carbides, 
25 etc. 

The sintered composite material thus consists of three major phases, a 
diamond phase, a carbide phase around each diamond and un-ieacted silicon 
or silicon alloy phase between areas of carbide. The carbide that has formed 
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fixMn the reaction between the gr^hitized diamond and Ifae melt is coating and 
surrounding each individual diamond particle. The carbide phase fi>nns an 
intEaconnected skeleton stnictuie. which is enclosing the diamond ^des. 
ThOTB is very little diamondrdiamond contact in the composite material Due 

5 to defect that the caiWde has a ftennaleaqmnsion coefficient lai^dianlhe 
thermal e3q>ansion coefficient of diamond, the carbide strives to contract more 
than the diamonds during cooling after the termination of the heat treatment 
At temperatures below the temperature at which the carbide was formed, the 
carbide surrounding tiie individual diamond particles will exert a compressive 

10 force on each particle. This is believed to contribute to some extent to the 
smprismgly good thermal conductivily of the material according to the 
invention. The un-reacted silicon- or silicon aUoy together with the possible 
smaU amounts of secondary phase conapounds, such as metal carbides, metal 
silicides, etc, are mainly located in the areas m-between the silicon carbide 

15 tiiat enclose the diamonds. 



To provide a high value of thermal conductivity to a conqiosite material it is 
cracial to have good adhesicm between the different phases, see Handbodc of 
industrial diamonds and diamond fihns. page 184. The graphite layer finmed 
on the surface of the diamond particles has veiy good adhesion to flie diamond 
since the graphite is transformed diamond. When the silicon or siUoon aUoy 
melt reacts with tiie said graphite the carbide fomied inherife the very good 
adhesion to the diamond and a strong bond between the carbide and diamond 
is formed. When nucleation of caibide takes place on a graphite surface that 
has been formed trough graphitization of diamond fbe formed carbide grows 
q)itaxially, i.e. the growth of carbide on the diamond follows the 
crystallographic orientation of flie diamond. The manner in which carbide is 
formed and the sfaxmg bond between the diamond particles and the 
sfflTOundmg caibide are believed to be decisive &ctors for obtaining the 
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surprisingly high thennal conductivity of a material according to the present 
invention. A long free path for flie phonon ttansport is obtained in the material 
according to the innesent invention. The good braid between the diamonds and 
the caibide phase also has very good strength. If the produced composite is 
5 broken, the breakage ofteu goes through the diamonds instead of breaking this 
bond, this showing the strength of fee bond. In order to ensure that each 
diamond is surrounded by graphite and that a continuous carbide skeleton is 
obtained, the graphitization of diamond should always be more than 3 wt%, 
preferably more than 6 wt% of the diamond. 

10 

The graphitization transforms defective layers on the diamond surface, 
resulting in improvement of the phonon transport path. Surprisingly it has 
been found fliat a direct bonding between diamonds is not needed to achieve 
good thermal conductivity. To have a phonon transport path of high quality is 
15 more essential. 

It has surpriangly been found that the high pressure used during the forming 
step, does not hmder the infiltration of silicon or silicon alloy. It has been 
shown that silicon can be infiltrated into work pieces having porosity well 

20 below the lower limit of 25 vol% stated in W099/12866 and WOOO/18702. 

The present successful method has been achieved using a mixture of diamonds 
with at least one fiaction containing diamonds larger than 0.080 mm. It has 
been observed that molten silicon is sucked into the work piece. It is believed 
that this phenomena is due to the size of the larger pores in the powder 

15 mixture of diamonds and additives bemg heavily reduced by the forming made 
at a high pressure, so that a large percentage of the pores have a c^illary size 
after the forming and the gr^hitization steps. Such a reduction of the pore 
volume needed for the infiltration, makes it possible to prx>duce diamond 



wo 2004/089850 



PCT/EP2004/050367 



10 

composites having a very Wgh content of diamond and a low cratent of un- 
reacted silicon or silicon alloy. 

Surprisingly, it has also been observed that powders of TiC in the mixture 
further fecilitates the infiltration of silicon. It has also been shown that TiC 
improves the mechanical properties of the composite. Good results have also 
been acconorplished with BC and SiC. 

It has been shown that a diamond composite made by this method is an 
excellent substrate for a pure diamond layer, made by e.g. Chemical Vapour 
Deposition, CVD. The high thermal conductivity and the low diennal 
expansion make a good noiatch with pure diamond layer, both in the CVD 
process and in electronic q)plications and wear applications. 

A diam<md composite manufactured by the desmbed method can be coated 
with a thin layer of alummium nitride. With one side coated with a 0.001 mm 
layer of aluminiimi nitride on diamond composite noiade in acooidance to tide 
present invention, the electrical resistance has be shown to increase 100 times 
or more. This is important in certain designs of microprocessor packages. 



